This study assessed the effect ofprolonged intraluminal acidification on the motor activity of the entire oesophageal body (under controlled conditions). Intraoesophageal pressures were recorded in 13 endoscopy negative subjects with gastro-oesophageal reflux disease in whom saline, HCl 0.1 N, and saline solutions were infused (15 ml/min) blindly in the oesophageal body, 6 cm distal to the upper oesophageal sphincter for three consecutive periods of 45 minutes each. These findings were compared with those of a control group. Intraoesophageal acidification caused an increase in the deglutition frequency (p<002), the occurrence of multipeaked waves (p<004) as well as a decrease of the propagating velocity (p<0.04) of the primary peristaltic contractions. Furthermore, intraoesophageal acidification determined an increase, at all levels of the oesophagus, of the duration (p<004)and, more noticeable in the proximal oesophageal body, of the amplitude (p<0.02) of primary peristaltic contraction waves. In conclusion prolonged intraoesophageal acidification can considerably affect frequency of deglutition, morphology, and propagating patterns of primary peristaltic contractions. This study shows that these effects are independent from volume distension of the oesophagus and supports the presence of acid sensitive receptors in the oesophageal mucosa.
(p<002), the occurrence of multipeaked waves (p<004) as well as a decrease of the propagating velocity (p<0.04) of the primary peristaltic contractions. Furthermore, intraoesophageal acidification determined an increase, at all levels of the oesophagus, of the duration (p<004)and, more noticeable in the proximal oesophageal body, of the amplitude (p<0.02) of primary peristaltic contraction waves. In conclusion prolonged intraoesophageal acidification can considerably affect frequency of deglutition, morphology, and propagating patterns of primary peristaltic contractions. This study shows that these effects are independent from volume distension of the oesophagus and supports the presence of acid sensitive receptors in the oesophageal mucosa. 10 In these studies, however, oesophageal motor activity during acid perfusion was not compared with equivalent control periods, the high infusion rates prevented discrimination of the effect of acidification from that of intraluminal distension and, with few exceptions," the acid infusion time was not standardised. In addition, only the motor activity of the distal oesophageal body has been assessed.
The aim of this study was to assess, under controlled conditions, the effect of prolonged intraluminal acidification on the motor activity of the entire oesophageal body.
Subjects
Nineteen subjects, seven men and 12 women, mean (SD) age 46 (10) years (age range 25-64) complaining of heartburn, retrosternal pain, or regurgitation, or all three for at least six months, were included in the study. In all the subjects, an upper gastrointestinal endoscopy excluded the presence of erosive/ ulcerative lesions of the oesophagus, stomach, and duodenum, and showed hyperaemia of the distal oesophagus in seven of them.
The study was approved by the ethical committee of the II Clinica Medica, Universita La Sapienza, Rome and informed consent was obtained from each subject.
Methods
Intraluminal pressures were recorded by an eight lumen manometric catheter (Arndorfer Medical Specialities, Greendale, Wisconsin, USA; external diameter 7-0 mm, each lumen internal diameter 1-5 mm) with six side holes located 3 cm apart. Five of the longitudinally spaced side holes were continuously perfused with a low compliance pneumohydraulic infusion system (Arndorfer, Medical Specialities, Greendale, Wisconsin, USA) at a constant rate of 0 5 ml/min.
The manometric probe was passed through the nose of fasting subjects in the supine position and located with its recording part within the stomach. It was then withdrawn by a stationary pull through technique and finally positioned throughout the entire study period with its proximal side hole at the level of the upper oesophageal sphincter. The propagation velocity of spontaneous manometrically 5 cm proximal to the lower and controlled primary peristaltic contractions, oesophageal sphincter.
measured from the first after swallow inhibiOesophageal pressures were recorded in 13 tion of the upper oesophageal sphincter to the subjects (four men, nine women, mean age 43 onset of the peristaltic wave upstroke. (10) years) for three consecutive periods of Only spontaneous swallows not preceded, 45 minutes during which isotonic saline, HCI for at least 12 seconds, by another swallow 0 1 N solution, and isotonic saline respec-were evaluated and the data expressed as the tively, were infused at the constant median value, interquartile ranges, and ranges rate of 1-5 ml/min through the side hole of 15 minute periods. Data of the controlled located 6 cm distal to the upper oesophageal primary peristalsis were expressed as the sphincter. In the remaining six subjects median value, interquartile ranges, and ranges (three men, three women, mean age 52 (8) of each series of 10 swallows. Manometric years) only physiological saline solution was values during spontaneous gastro-oesophageal infused for three consecutive periods of 45 reflux episodes (intraoesophageal pH<4-0 U) minutes.
in the saline infusion period were excluded Physiological saline and HC1 0 1 N solutions from the analysis. were infused in a blind fashion. Before the Statistical analysis of data was performed at study, all the patients were asked to report the end of the entire study. Within group immediately the onset and the end of changes in manometric variables were assessed symptoms that might have presented during with the Wilcoxon matched pairs signed rank the study period. The patients could swallow test whereas the Mann-Whitney U test, two freely during investigation, but during each tailed probabilities, was used in the analysis of 45 minute period they were asked to perform, between group differences. at 20 second intervals, two series of 10 wet swallows (controlled primary peristalsis with ingestion of a 3 ml water bolus), the first between the 12th and the 20th minute and the second between the 34th and the 42nd minute. If during saline infusion periods the intraoesophageal pH fell below 4 0 U the patients were asked to swallow one or more boluses of water (10 ml) until the intraoesophageal pH Amplitude -the amplitude of swallow induced contractions increased during HCl infusion at all oesophageal levels (Fig 2,  Table I ). This increment was statistically significant v basal values after controlled (p<0 01; Fig 2) and spontaneous (p<0-02; Table I ) swallows at 3 cm from the upper oesophageal sphincter and v equivalent time period of saline infusion in control subjects after controlled swallows at 9 and 15 cm from the upper oesophageal sphincter (p<0 02).
Duration -the duration of both controlled (Fig 3) and spontaneous (Table II) swallow induced contractions increased significantly during HCI infusion at all levels of the oesophagus (p<0 05) and reverted towards basal values during the subsequent saline infusion (Fig 4) .
Propagation velocity -the propagation velocity of both controlled and spontaneous (Table III) swallow induced contractions through the 15 cm oesophageal segment under study decreased significantly (p<0 04) during HCI infusion and then reverted towards basal values during the subsequent saline infusion (p<0 04) (Fig 4) .
Morphology of contraction waves -a change in the morphology of peristaltic waves was apparent immediately after the onset of oesophageal acidification and then enhanced progressively throughout the acid perfusion period.
The percentage of single peaked spontaneous primary peristaltic contraction waves decreased at all levels of the oesophagus during the last 15 minutes of the HCI infusion period (p<0 04 v saline basal values and p<0 05 v the first 15 minutes of HCl infusion). This decrease of single peaked waves during HCl infusion reverted toward basal values during the subsequent period of saline infusion (Table IV) . complained of symptoms during the control saline infusion. It is, therefore, impossible to analyse separately the possible role of acid induced symptoms and of oesophageal acidification in itself on the variations of the frequency of swallowing and of primary peristalsis.
In conclusion, this study shows that prolonged acidification of the oesophageal mucosa (in subjects with gastro-oesophageal reflux disease with no or minor degrees of endoscopic oesophagitis) causes an increase in the frequency of deglutitions, an increase in duration and amplitude, and also a decrease in the propagation velocity of primary peristalsis.
The effects of oesophageal acidification are independent from volume distension of the v v oesophagus, and this study strongly supports the presence of acid sensitive receptor nerve fibres in the oesophageal mucosa.
Whether oesophageal acidification affects swallowing and primary peristalsis directly through an oesophageal acid activated reflex or indirectly through acid induced symptoms, or both cannot be fully answered by this study. This paper has been dedicated to Professor Salvatore Auricchio on the occasion of his 60th birthday.
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